Several patients with Down syndrome complicated by transient myeloproliferative disorder may develop liver cirrhosis for which no effective therapeutic agent exists. We report the infant with Down syndrome complicated by transient myeloproliferative disorder and liver cirrhosis who was successfully treated by Inchinkoto, the Japanese herbal medicine. In the present case, Inchinkoto appeared to prevent both histological and serological aggravation of liver cirrhosis. To the best of our knowledge, this is the first report of preventive effect of Inchinkoto on liver cirrhosis, and it can be a choice of treatment for infants with Down syndrome complicated by liver cirrhosis.
Introduction
Down syndrome (DS) is the most common chromosome abnormality. It is well known that approximately 10% of DS is complicated by transient myeloproliferative disorder (TMD) [1] . Although most cases of TMD regress spontaneously during the first 3 months of life without treatment [2] , 20% -30% develop letahal liver failure and multiple organ failure [3] [4] .
Inchinkoto is a mixture of three medical herbs: Artemisia capillaries spica, Gardenia fructus and Rhei rhizome, and has long been used in Japan, mainly for liver disorders and jaundice [5] [6] . Several authors have claimed that Inchinkoto improves liver function and suppresses liver fibrosis in children with postoperative biliary atresia without serious side effects [6] [7] . However, efficacy of How to cite this paper: Washio, R., Takahashi, M., Yamanouchi, S., Hirabayashi, M., Mine, K., Noda, Y., Kanda, E., Ohashi, A., Kawasaki 
Case Description
An infant was born to a 34-year-old multigravida mother. Prenatal ultrasound revealed fetal growth restriction and oligohydramnios at 32 weeks of gestation. To elucidate the progressive liver failure, simultaneous biopsies on liver and bone marrow were performed on PD 76: his bone marrow showed normocellularity without blasts; in contrast, liver biopsy revealed the fibrosis in the portal vein area and hepatic lobules in addition to hyperplasia of the collagen fibers surrounding the hepatocytes (Figure 2 ). In addition, there was infiltration of lymphocytes and neutrophils, and cholestasis in the hepatocytes and bile ducts.
Based on these findings, he was diagnosed as having LC induced by TMD.
Considering its reported efficacy on liver fibrosis in children with postoperative biliary atresia [6] [7] , the Japanese herbal medicine, Inchinkoto (Tsumura & Co., Tokyo, Japan) was orally administered at the dose of 0.15 g/kg•per•day) since PD 100. In parallel with the commencement of Inchinkoto, both D-bil and HA gradually decreased to 18.3 mg/dL and 1280 ng/mL, respectively on PD 144 (Figure 1 ). Improved jaundice made him possible to discharge on PD 144.
Unfortunately, however, he developed fatal DIC and multiple organ failure triggered by severe bacterial infection and died on PD 202. It is worthy of special mention that the autopsy findings on liver disclosed no remarkable progressive changes of LC compared to those on PD 76.
Discussion
Inchinkoto has long been used to treat various liver disorders in eastern Asia such as Japan and China [5] [6] [7] [8] [9] . Iinuma, et al. reported that Inchinkoto might have a protective and antifibrotic effect for the liver of children with biliary atresia [6] [7] . Though the precise mechanisms of its action on the liver diseases remain unknown, it can be speculated as following: 1) inhibition of hepatocyte apoptosis induced by transforming growth factor-β1 [10] ; 2) inhibition of the production of inflammatory cytokines and inducible nitric oxide synthase [11] [12]; and 3) direct suppression of liver fibrosis [13] . Despite the promising effects on diverse liver diseases without serious adverse effects, to the best of our knowledge, Inchinkoto has not previously been given to patients with LC characterized by diffuse nodular regeneration surrounded by fibrous bands [14] .
In the present case, it appeared that Inchinkoto prevented the development of Though measurements of cytokines which may link Inchinkoto with antifibrotic action on liver were not determined, we speculate that Inchinkoto suppressed the production of transforming growth factor-β1 and inflammatory cytokine.
While low-dose cytarabine to treat TMD occasionally not only induces hematological regression but also improves liver fibrosis in some cases [15] , these did not fit into our case.
TMD is a well-known hematopoietic disorder that occurs as a complication in approximately 10% of children with DS [5] . Although TMD is a benign disease in most cases, some patients with TMD develop severe liver failure and/or multiple organ failure. Our patient had the GATA-1 mutation (220 + 2T > C), which is known to cause a lack of expression of the full-length GATA-1 protein [16] . The prevalences of GATA-1 mutation in DS have been reported to be 97.3% in patients with TMD and 89.2% in those with acute megakaryoblastic leukemia, respectively [17] . Thus, GATA-1 mutation is thought to play an important role in the pathogenesis of TMD and acute megakaryoblastic leukemia [18] . Interestingly enough, it has been recently demonstrated that GATA-1 expression even enhances the expansion of fetal megakaryocytic precursors, resulting in hepatic fibrosis in a mouse model [19] . Our case presented abnormally high levels of serum HA and type IV collagen even on PD 1. Taken together, we suspect that TMD and liver fibrosis induced by somatic GATA-1 mutation had started in utero.
Conclusion
In conclusion, we firstly report the promising efficacy of Inchinkoto for LC for which no effective treatment currently exists except liver transplantation. We therefore believe that Inchinkoto can be a choice of treatment for infants with DS complicated by TMD and LC.
